BACKGROUND: Cancer-related fatigue (CRF) is a prevalent and debilitating symptom experienced by cancer survivors, yet treatment options for CRF are limited. In this study, we evaluated the efficacy of weekly Swedish massage therapy (SMT) versus an active control condition (light touch [LT]) and waitlist control (WLC) on persistent CRF in breast cancer survivors. METHODS: This early phase, randomized, single-masked, 6-week investigation of SMT, LT, and WLC enrolled 66 female stage 0-III breast cancer survivors (age range, 32-72 years) who had received surgery plus radiation and/or chemotherapy/chemoprevention with CRF (Brief Fatigue Inventory > 25). The primary outcome was the Multidimensional Fatigue Inventory (MFI), with the National Institutes of Health PROMIS Fatigue scale secondary. RESULTS: Mean baseline MFI scores for 57 evaluable subjects were 62.95 for SMT, 55.00 for LT, and 60.41 for WLC. SMT resulted in a mean (standard deviation) 6-week reduction in MFI total scores of 216.50 (6.37) (n 5 20) versus 28.06 (6.50) for LT (n 5 20) and an increase of 5.88 (6.48) points for WLC (n 5 17) (treatment-by-time P <.0001). The mean baseline PROMIS Fatigue scores were SMT, 22.25; LT, 22.05; and WLC, 23.24. The mean (standard deviation) reduction in PROMIS Fatigue scores was 25.49 (2.53) points for SMT versus 23.24 (2.57) points for LT and 20.06 (1.88) points for WLC (treatment-by-time P 5.0008). Higher credibility, expectancy, and preference for SMT than for LT did not account for these results. CONCLUSION: SMT produced clinically significant relief of CRF. This finding suggests that 6 weeks of a safe, widely accepted manual intervention causes a significant reduction in fatigue, a debilitating sequela for cancer survivors. Cancer 2018;124:546-54.
INTRODUCTION
With approximately 15.5 million cancer survivors today in the United States, increased attention is being given to quality of life after cancer treatment. Cancer-related fatigue (CRF) is the most common and one of the most devastating persistent symptoms among survivors of cancer. [1] [2] [3] According to the National Comprehensive Cancer Network, CRF is "a distressing, persistent, subjective sense of physical, emotional, and/or cognitive exhaustion related to cancer or its treatment that is not proportional to recent activity." 4 CRF occurs across the spectrum of cancer types and treatments 5 and has a negative impact on mood, physical function, work performance, social interaction, family care, cognitive performance, schoolwork, and community activities. [6] [7] [8] CRF is more troublesome and has a greater negative impact on quality of life than cancer-related pain, depression, or nausea, 1, 9 and it can persist for months or years after cancer therapy is completed. 2, 10, 11 Meaningful evidence-based treatment options for CRF are limited. 12 A Cochrane Review found that methylphenidate was the only agent that caused a significant, albeit small, improvement in CRF. 13 There are a growing number of studies investigating nonpharmacologic treatments for CRF; for example, data suggest that exercise causes a small to moderate decrease in CRF. [14] [15] [16] [17] [18] [19] The psychosocial interventions studied have reported small but significant reductions in fatigue. 14, 20, 21 Overall, methodology and design challenges continue to limit the impact of this work. 19, 22, 23 Over 50% of patients with cancer use a complementary and alternative medicine (CAM) approach for symptom management. 24 One of the widely employed CAM interventions is massage therapy. Most studies investigating massage for patients with cancer focus on depression, anxiety, or pain as the outcomes of interest as supportive care for patients treated for cancer. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] There is 1 published study in which CRF is one of many outcomes evaluated in breast cancer survivors and massage decreased fatigue. 35 There are no published randomized controlled trials with the primary goal of examining massage as an intervention for CRF. However, as stated by the Cochrane group, there is a need for wellcontrolled investigations employing manualized massage interventions, standardized ratings, and appropriate potential biomarkers. 13, 21, 27, 36 This pilot feasibility and proof of concept study systematically examines the efficacy of Swedish massage therapy (SMT) for fatigue in breast cancer survivors. We hypothesized that SMT would have a clinically meaningful benefit in improving fatigue in breast cancer patients.
PATIENTS AND METHODS

Study Protocol
The study was a randomized, single-masked, 3-arm clinical trial comparing 6 weeks of once-weekly SMT versus light touch (LT) or waitlist control (WLC) as monotherapy for CRF conducted at Emory University in Atlanta, Georgia. Sixty-six breast cancer survivors who had received surgery plus radiation and/or chemotherapy/chemoprevention and had persistent CRF were recruited by means of flyers, referrals, and web-based advertising between January 2014 and February 2016. All subjects signed a written informed consent before initiating study procedures. The study was approved by the Emory University Institutional Review Board and the Winship Cancer Institute Clinical Translational Research Committee. Protocol implementation and reporting was performed in accordance with current recommendations for nonpharmacologic treatment trials. 37 Patients received compensation of up to $400 for participation in the study ($40 for completing treatment visits 0, 1, 2, 4, and 5 and $100 for completing treatment visits 3 and 6).
Patients
Recruitment targeted women, age 18-72 years, 3 months to 4 years after treatment for stage 0-III breast cancer with a Brief Fatigue Inventory score of >25. 38 Ongoing chemoprevention therapy was permissible. The diagnosis of CRF was based on ICD-10 (International Statistical Classification of Diseases and Related Health Problems, 10th revision) proposed criteria and required evidence from the history, physical examination, and laboratory findings that the fatigue was a consequence of cancer or cancer therapy and not primarily a consequence of comorbid physical or psychiatric disorders. The Mini-International Neuropsychiatric Interview (MINI) was employed to screen out subjects with schizophrenia, depression, generalized anxiety disorder, bipolar disorder, dementia, delirium or obsessive compulsive disorder. Patients had satisfactory results on screening safety laboratory tests and a urine pregnancy test and drug screen. Women of reproductive capability were enrolled, but subjects were required to use an effective method of contraception. Exclusion criteria (see protocol) included inability to lay supine for 1 hour at a time; subjects who were actively suicidal or homicidal; medical conditions felt to be clinically contributing to fatigue; medications felt to be clinically contributing to fatigue; body mass index < 18.5 kg/m 2 ; and use of systemic corticosteroids or other immunosuppressants within the past 6 months. To reduce expectancy bias, we excluded subjects who had previously used massage as a therapeutic modality, were currently receiving massages, or were using a CAM manual therapy and/or holistic therapy to treat a perceived health problem.
Randomization and Masking
Randomization lists with randomly permuted block sizes, generated by the Emory University Winship Cancer Institute Biostatistics group, indicated SMT versus LT versus WLC assignment of sequential subjects who were eligible and enrolled in the study at screening and returned for the first intervention session. During the course of the study, only the study coordinator, therapists, and patients were unmasked to treatment assignment. The study principal investigator, statistician, and physicians were masked to treatment assignment.
Interventions
The treatment interventions were performed as described by Rapaport et al. 39 Treatment sessions occurred between 12:00 PM and 6:00 PM. At the start of each visit, the study coordinator obtained information from the patient about changes in health or pregnancy status, use of prescription or over-the-counter medications, illicit substance use, and any new life events.
Interventions lasting 45 minutes were performed by licensed massage therapists from the Atlanta School of Massage who adhered to a script that standardized their interactions with patients and followed manualized treatment protocols for both the SMT and LT interventions. Conversation between the patient and the massage therapist was kept to a minimum. The room was dimly lit and a sound machine was used to mask unwanted noises. Each session began with the patient draped with a sheet and in a prone position on a massage table while the therapist worked slowly down the body from the shoulders to the feet. The patient then turned over to the supine position and the therapist continued the protocol from the feet back up to the shoulders and head. SMT techniques included effleurage (slow, rhythmic, continuous stroking), petrissage (slow, rhythmic kneading of underlying muscles), and tapotement (various forms of percussive touching/tapping). The same therapists performed the control LT sessions, which consisted of the light laying on of hands, in the same sequence and for the same amount of time as the SMT treatment. Quality control was maintained by reviewing the audio taped session, quarterly reliability sessions, weekly discussion of issues arising during sessions, and feedback from participants about consistency across therapists.
Baseline and Outcome Assessments
Before starting the first intervention session (baseline), subjects in the 2 active groups completed the Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q) 40 , the Multidimensional Fatigue Inventory (MFI), and the PROMIS Fatigue Short Form 7a (PROMIS [41] [42] [43] . Following the interventions at visits 3 and 6, patients also completed the MFI, PROMIS, and Q-LES-Q. Subjects randomized to the WLC group completed all of these assessments only at the start (baseline) and end of the 6-week nonintervention period.
The primary outcome measure for this study was the MFI, a brief (20-item) self-report instrument that assesses 5 dimensions of fatigue during the past 7 days: general fatigue, physical fatigue, mental fatigue, reduced activity, and reduced motivation. [44] [45] [46] Item responses range from 1 ("yes that is true") to 5 ("no that is not true"). Within each subscale (corresponding the 5 dimensions of fatigue), 2 items (which have values reversed for scoring) are worded in the direction of fatigue and 2 items are worded in the direction of activity/energy, resulting in a possible fatigue score ranging from 20 to 100. A minimal clinically important difference in cancer fatigue during radiation treatment has been established for the MFI as 2 points per subscale (or 10 points on the total MFI score). 47 The PROMIS Fatigue Short Form 7a scale consists of 7 items that are self-rated on a frequency scale from 1 ("never") to 7 ("always") for the past 7 days. Only item 7 is worded in the direction of energy, so response values printed on the form for that item are reversed (5 5 "never" and 1 5 "always"). The resulting fatigue score has a possible range of 7 to 35.
The Q-LES-Q consists of 16 items self-rated from 1 to 5 indicating very poor, poor, fair, good, or very good life enjoyment/satisfaction in that area during the past 7 days. An overall score is based on items 1-14, excluding item 15 (satisfaction with medications) and item 16 (overall life satisfaction and contentment during the past week). Rather than using a simple sum of items 1-14 for a possible score ranging from 14 to 70, the authors recommend expressing the sum of item 1-14 responses as a percentage of the maximum possible based on the number of items answered; this results in a more interpretable score with a possible range of 0 to 100 percent. Community norms for Q-LES-Q items and total scores have been published based on a large sample of subjects (n 5 527) for subgroups that vary in terms of lifetime and current history of psychiatric disorders. 48 
Credibility, Expectancy, and Preference Assessments
Likert scales (condition preference/expectancy scales [CPES]) derived from previously published scales were administered to patients after the 2 biologically active intervention conditions 49, 50 had been described to them using a script (Supporting Information, Appendix 4) at the screening visit before randomization. [51] [52] [53] Patients indicated on a condition preference scale whether and by how much they preferred SMT or LT for treating their symptoms.
At the first treatment visit, after being informed of their treatment assignment, the coordinator again read treatment descriptions and the patient filled out the Credibility/Expectancy Questionnaire (CEQ). 54 The CEQ assesses a patient's opinion about the credibility of the assigned treatment to be effective, and their expectation that the intervention will improve their symptoms. 54 
Statistical Analysis
Analyses comparing the 3 treatment conditions were based on a modified intent-to-treat sample of 57 evaluable patients who had at least 1 visit after baseline. Comparisons of the groups on baseline characteristics were made using analysis of variance for continuous measures and chi-square and Fisher's exact tests for categorical variables. Mixed model repeated measures (MMRM) analysis was performed to test within-and between-group differences in change from baseline to the end of week 6 on MFI, PROMIS, and Q-LES-Q scores. Models included subjects as a random effect, and treatment group and visit number as fixed effects. Terms for baseline scores were not included in the model because groups did not differ at P < .10 on any baseline assessment. An autoregressive covariance structure was used because it provided the best fit to the data. Standardized treatment effect sizes and detailed parameters are provided for MFI, PROMIS Fatigue, and Q-LES-Q outcome measures as a guide for designing adequately powered future studies. The effect size for each pair of treatment groups (SMT vs WLC, LT vs WLC, and SMT vs LT) was computed based on the difference in group mean change from baseline to week 6 divided by the pooled standard deviation of change for the 2 comparison groups. Credibility and expectancy factor scores were computed as recommended 54 and analyzed in relation to change in the primary outcome measure (MFI score) within the SMT and LT active intervention groups. Statistical analyses were performed using SAS 9.2 software (SAS Institute Inc., 2001). A 2-tailed a level of 0.05 was used to determine statistical significance. (This analysis plan was specified in the funded grant application.)
Before scoring, missing data were imputed for 7 out of 3780 items (0.18%) within the MFI based on the mean of the relevant individual's responses to similar items in the same subscale. For example, 1 record had item 16 ("I tire easily") filled in based on the patient's response to item 5 ("I feel tired") at the same visit. There were no missing data from the PROMIS fatigue scale (out of a total of 1281 items). Of a total of 3024 Q-LES-Q items, 1 patient left item 9 blank at 2 visits; this patient's Q-LES-Q score was based on the remainder of items 1-14. For most studies, subjects leave the Q-LES-Q item on satisfaction with work (item 3) blank if it is not applicable due to not working; in such cases the Q-LES-Q score is computed as a percentage of the maximum possible score for the number of items answered out of items 1-14 without any imputation.
Within the modified intent-to-treat sample of 57 subjects, only 1 patient in the LT group was unable to complete the 6-week study (Fig. 1) , but this individual's change from baseline to week 3 contributed to the MMRM analysis. All remaining subjects in the SMT and LT groups had complete outcome data at baseline, week 3, and week 6. MMRM analysis was unaffected by missing data for WLC subjects, who were not assessed at week 3.
The sample size of 20 subjects per arm was based on the time and budget limitations for this early phase trial and on our team's experience recruiting for other breast cancer survivor studies and for other early phase massage trials in normal volunteers and subjects with anxiety disorders. 39, 49, 50 Because there were no published data upon which to base power analysis of expected group differences in breast cancer survivors, we focused on standardized treatment effect size differences rather than on statistical power. Based on results from our prior studies, we anticipated that this trial would demonstrate at least a moderate effect size (0.50 or larger) for the superiority of SMT over both LT and WLC on the 3 outcome measures of improvement in fatigue and quality of life.
RESULTS
Patients
As shown in Figure 1 , 785 patients were prescreened for this study, 101 were screened in person, and 66 were randomized, 9 of whom dropped out before attending the third intervention session, leaving 57 subjects evaluable for the outcome analyses. Fifty-six of these 57 subjects completed the entire 6-week study period.
Demographic characteristics and baseline fatigue and quality of life scores for the analysis sample are shown in Table 1 . Groups randomized to SMT versus LT versus WLC did not differ at P < .10 on any variable except the percentage receiving chemoprevention treatment during the study, which was highest in the WLC group.
Treatment Outcomes
At baseline mean (standard deviation [SD]) MFI scores, PROMIS fatigue scores and Q-LES-Q scores were not significantly different between groups ( Table 1 ). The mean Q-LES-Q score of 66.35 for the overall study sample is more than 1 SD below the community norm of mean (SD) 78.4 (11.4) for a large sample that includes subjects with and without current or past psychiatric disorder. 48 MMRM analysis revealed a significant treatmentby-time interaction for all 3 study outcomes, with large standardized treatment effect sizes indicating superiority of SMT over LT and WLC, as well as for superiority of LT over WLC (Table 2 ). There was a statistically significant 6-week reduction in MFI total scores within the SMT and LT groups, but a significant increase in MFI fatigue scores within the WLC group. The mean (SD) decrease in MFI fatigue for the SMT group exceeded the minimum clinically meaningful difference of 10 points. 47 PROMIS Fatigue scores also decreased significantly for SMT and LT groups over 6 weeks, while remaining the same for WLC. Q-LES-Q scores increased substantially (mean [SD] of 1 8.11 [8.20] points) for the SMT group, while there was a slight increase of 11.85 (8.37) points for LT and a decrease in life quality of 25.78 (8.24) points for WLC over the 6-week study period.
Although differences in percentages of subjects currently receiving chemoprevention treatment approached the level of statistical significance (P 5 .056, Table 1 ), t tests showed nonsignificant comparisons of subjects with versus without current chemoprevention on both baseline MFI scores and change in that primary outcome measure during the 6-week study (P 5 .957 and P 5 .352, respectively). Randomized groups did not differ significantly on the number of months since the end of chemotherapy and/or radiation (P 5 .787, Table 2 ) and analysis of variance based on categories of time since treatment showed a nonsignificant relationship to baseline MFI scores and change in those scores over the 6-week study period (P 5 .189 and P 5 .877, respectively).
Role of Credibility, Expectancy, and Preference
Before randomization, 52 (78.8%) of the 66 randomized subjects and 44 (77.2%) of the 57 evaluable subjects indicated they preferred to receive SMT rather than LT.
Patients endorsed SMT as a more logical therapy for reducing CRF (credibility factor score: SMT vs LT, 1.17 [2. 14] vs 21.24 [2.96]; t 5 2.91, df 5 37, P 5 .006). However, expectancy of the assigned intervention to improve CRF symptoms was not significantly higher for those assigned to SMT than those assigned to LT (expectancy factor score: SMT vs LT, 0.26 (2.50) vs 20.38 (3.24); t 5 0.79, df 5 37, P 5 .740).
There were low, nonsignificant correlations between preference, credibility, or expectancy responses Original Article and the amount of change in MFI scores within the SMT and LT groups (data available on request), suggesting that the change we found in these groups' MFI fatigue scores is not an artifact of preference, credibility, or expectancy bias.
Safety
Adverse events were assessed at every visit: the most common ones being bruising at the venipuncture site (12/39 subjects) and discomfort due to hyperextension from lying on the massage table (2/39 subjects). Abbreviations: LT, light touch; SD, standard deviation; SMT, Swedish massage therapy; WLC, wait list control. a Level of education is missing for 1 patient in the SMT group. b 16-item Q-LES-Q: percent of maximum possible for items 1-14. c Chemoprevention information was not asked of 4 early patients, and 1 patient did not provide these data. In a test of the difference across randomized groups, chi-square 5 5.76, df 5 2, and P 5.056. d The study protocol allowed patients to enter with no chemotherapy or radiation if they were currently on chemoprevention; this was the case for 2 SMT patients and 2 WLC patients, who are omitted from the summary above. e The protocol required patients to be 3 months to 4 years beyond the end of chemotherapy and/or radiation; 1 patient was allowed to enter the study 1 month beyond this limit, at 49 months.
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DISCUSSION
CRF is a frustrating and disabling long-term sequela of cancer treatment, impacting both the cancer survivor and his/her family's quality of life and functioning. At this time, mild exercise is the nonpharmacological intervention with the best body of evidence supporting some level of symptom improvement. In this early phase clinical trial, we demonstrate that 6 weekly sessions of a manualized form of SMT was superior to both a WLC and an active control, LT, in reducing symptoms of fatigue as assessed by 2 different well validated self-report measures. These findings indicate that patients suffering from chronic CRF may receive at least short-term relief of their symptoms from weekly Swedish massage. SMT also caused a statistically significant improvement in the quality of life of study participants when compared with both the WLC and LT condition.
One of the potential confounds researchers face when attempting to investigate the subjective effect of a manual massage therapy is the impact that patient preference or credibility or expectancy bias may have on the results of the study. This is particularly worrisome because it is unavoidable for the patient to know which intervention he/she is receiving. CPES responses from the screening visit demonstrate that SMT was preferred to LT by the great majority of patients. The postrandomization CEQ responses reveal that subjects randomized to SMT thought that their assigned intervention was more credible or logical as a method of reducing their CRF symptoms than did subjects randomized to LT. Interestingly, while credibility was significantly higher for SMT than for LT, expectancy as measured by the CEQ was not higher for SMT. This suggests that belief in the credibility of a therapy can be distinguished from the expectation that the intervention will actually improve one's symptoms. Neither CPES preference nor the CEQ scores correlated with change from baseline in MFI scores over 6 weeks of SMT or LT. This finding suggests that improvement in the primary outcome measure, the MFI, is not an artifact of patient preference, credibility, or expectancy bias.
An important ancillary finding of this study is that SMT resulted in a statistically significant within-group improvement in the quality of life of subjects suffering from CRF, which was also significantly better than for the LT group as well as for the WLC group, the latter of which experienced significantly worse quality of life at the end of 6 weeks of nonintervention. The mean (SD) Original Article baseline Q-LES-Q score for our overall sample was 66.35 (13.80), which is more than 1 SD lower than Q-LES-Q scores (mean 78.4 [SD 11.4]) for a large (n 5 527) community normative sample. 48 A mean improvement of more than 8 points on the Q-LES-Q brought the mean score for the SMT group to within 5 percentage points (SD 0.44) of the community sample mean. This preliminary finding, albeit one that requires replication in a larger sample, suggests that the benefits of SMT treatment of CRF may extend beyond specific symptom reduction.
There are limitations to this National Institutes of Health-funded early phase clinical trial. Although we found clinical and statistical evidence supporting the efficacy of carefully developed LT and SMT protocols in decreasing CRF, this work needs to be replicated in a larger study. A second limitation is that fatigue is a highly subjective and complex entity to define and study. Future studies would benefit from including both clinician-rated and objective measures that may correlate with fatigue, such as activity levels measured from wearable devices. A third concern is that we do not know whether this finding is generalizable to a more heterogeneous population of cancer survivors with CRF, hence further studies with cancer survivors-including men-with other types of cancer who are suffering from CRF are warranted. Although the results of this early phase feasibility study do not indicate that time since the end of chemotherapy and/ or radiation or the presence versus absence of ongoing chemoprevention treatment during the study period had an impact on change in the primary measure of fatigue, the potential influence of these factors on the effects of massage should be examined in a larger study. It is also important to note that this study focused on the treatment of sustained fatigue that persists for survivors in the posttreatment period and not the effect of SMT on fatigue caused by ongoing chemotherapy or radiation therapy. Future studies need to prospectively investigate the durability of the acute improvements in the fatigue and quality of life observed in this study. Is a short-term intervention sufficient or is there a need for continuation or even maintenance therapy? If these studies are informative, the next challenge is how to translate this research into daily practice in a feasible and meaningful manner.
In conclusion, we found that SMT was more effective than 2 control conditions in decreasing CRF on 2 self-reporting measures of fatigue. Furthermore, we observed that SMT enhanced quality of life in these subjects. Future studies confirming and extending these results, as well as exploring the mechanisms responsible for the beneficial actions of SMT on CRF, are warranted.
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